In an effort to improve the quality of care, several obstetric-specific quality measures are now monitored and publicly reported. The extent to which these measures are associated with maternal and neonatal morbidity is not known.
maternal deaths and severe morbidities, and a significant proportion of neonatal mortality and morbidity, may be preventable by changes in patient, clinician, and system factors. 4, [6] [7] [8] [9] As part of its core measure set, The Joint Commission now recommends 2 perinatal quality measures that address important aspects of obstetric care during childbirth: elective deliveries performed prior to 39 weeks of gestation and cesarean deliveries performed in low-risk nulliparous women. 10 The elective delivery measure, which includes nonmedically indicated deliveries associated with medical induction or cesarean delivery at more than 37 weeks and prior to 39 weeks of gestation, is also mandated by the Centers for Medicare & Medicaid Services. 11 The elective delivery before 39 weeks of gestation indicator is intended to reduce neonatal complications among term infants. Assessing rates of cesarean delivery performed in low-risk patients is intended to reduce unnecessary variation in rates of cesarean delivery. Both of these measures may be associated with maternal outcomes. 12, 13 However, how well hospital performance on these quality indicators correlates with maternal or neonatal morbidity is not known. We investigated whether elective deliveries performed prior to 39 weeks of gestation and cesarean deliveries performed in low-risk nulliparous women were associated with severe maternal or neonatal morbidity in New York City hospitals.
Methods

Study Sample
We used birth certificate data linked with New York State discharge abstract data reported in the Statewide Planning and Research Cooperative System (SPARCS) for all delivery and newborn hospitalizations in New York City in 2010. Data linkage was conducted by the New York State Department of Health. Ninety-seven percent of maternal and 98% of infant discharge abstracts were linked with infant birth certificates. Institutional review board approvals were obtained from the New York City Department of Health and Mental Hygiene, the New York State Department of Health, and the Icahn School of Medicine at Mount Sinai. A waiver of consent was approved by the Icahn School of Medicine. Delivery hospitalizations were identified based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes and diagnosis related group delivery codes.
14 Singleton nonanomalous term newborns were identified using the newborn flag. Gestational age was ascertained from birth certificate data and congenital anomalies from SPARCS data.
Identifying Severe Maternal Morbidity
We i d e nt i f i e d s e ve re m ate r n a l m o r b i d it y u s i ng a Centers for Disease Control and Prevention (CDC)-endorsed surveillance algorithm (available at http://www .cdc.gov/reproductivehealth/MaternalInfantHealth /SevereMaternalMorbidity.html), using diagnoses for lifethreatening conditions and procedure codes for life-saving procedures. 2 Codes were selected by experts and reviewed for their association with in-hospital maternal mortality. The algorithm excludes hospitalizations with a length of stay less than the 90th percentile as calculated separately for vaginal and primary and repeat cesarean deliveries. 2 As recommended, length of stay reclassification was not applied to in-hospital deaths, transfers, or delivery hospitalizations with severe complications identified by procedure codes.
2
Identifying Neonatal Morbidity at Term
We identified neonatal morbidity at term based on diagnoses and procedure codes as defined by Korst et al 3 to monitor childbirth morbidity using hospital discharge data. 3, 15, 16 The list includes ICD-9-CM code-based categories that capture indicators of death or neonatal complications (eg, birth trauma, disseminated intravascular coagulation, neonatal intensive care unit [NICU] procedures, renal failure, respiratory conditions, necrotizing enterocolitis, shock, neonatal length of stay >5 days, neonatal death) and was ascertained from SPARCS data. 3 
Quality Measures
We used birth certificate data and SPARCS data to calculate 2 perinatal quality measures using algorithms designated by the Joint Commission. 10 The first measure, elective deliveries at 37 or more weeks and prior to 39 weeks of gestation, was defined as all deliveries associated with medical inductions of labor or cesarean delivery at 37 or more weeks and prior to 39 weeks of gestation as a proportion of all deliveries at 37 or more weeks and prior to 39 weeks. All conditions possibly justifying delivery prior to 39 weeks of gestation were excluded, as specified. 10 We also excluded cesarean deliveries that were associated with a trial of labor but were not inductions. The second measure, cesarean deliveries in low-risk women, was defined as the proportion of cesarean deliveries among nulliparous patients with singleton vertex deliveries of newborns at 37 or more weeks of gestation. We excluded patients with ICD-9-CM codes that signify contraindications to vaginal deliveries. 10 Gestational age, parity, multiple birth, vertex presentation, and trial of labor were ascertained from birth certificate data. ICD-9-CM codes were obtained from SPARCS.
For each hospital we calculated the rate of elective deliveries and low-risk cesarean deliveries. No risk adjustment is Copyright 2014 American Medical Association. All rights reserved. required for the elective delivery measure, but direct standardization by maternal age is suggested for the cesarean delivery measure. We standardized this indicator for each hospital by 5-year age groups using the observed maternal age distribution in the entire sample. 10 
Covariates
To risk-adjust hospital-level rates of maternal morbidity we used variables from birth certificate records, including mothers' sociodemographics (maternal age, self-identified race/ethnicity, parity, education), prenatal care visits, and clinical and obstetric factors (multiple births, history of previous cesarean delivery). We ascertained patient insurance status from SPARCS. We also included diagnoses codes for patient risk factors that could lead to maternal morbidity but were likely present on admission to the hospital (eg, diabetes, hypertension, obesity, premature rupture of membranes, disorders of placentation). These conditions have been used to risk-adjust for severe maternal morbidity, 17 cesarean deliveries, and other maternal outcomes (eTable in the Supplement). 18, 19 We risk-adjusted neonatal morbidity by maternal sociodemographics (maternal age, self-identified race and ethnicity, parity, education), behaviors (prenatal care visit, tobacco use, illicit drug use), maternal clinical factors (hypertension or diabetes during or before pregnancy), obstetric factors (previous cesarean delivery, premature rupture of membranes), and infant factors (gestational age, size for gestational age). 20 Small for gestational age was defined as a birth weight in less than the 10th percentile; large for gestational age was defined as a birth weight in more than the 90th percentile for gestational age and sex. 21 We obtained teaching status from the American Hospital Association, ownership and nursery level from the New York State Department of Health, and volume of deliveries in each hospital from SPARCS to assess how other hospital characteristics are correlated with measures of quality and morbidity.
Statistical Analyses
We compared the sociodemographic characteristics and clinical conditions of women with and without severe maternal morbidity and of infants with and without neonatal morbidity using χ 2 tests.
We used mixed-effects logistic regression with a random hospital-specific intercept to generate riskstandardized severe maternal morbidity rates and risk-standardized neonatal morbidity rates at term for each hospital. The models included covariates described above. Hospital risk-standardized rates were computed from these models using methods recommended by Centers for Medicare & Medicaid Services Hospital Compare 22 (eAppendix in the Supplement). We used Spearman rank correlations to assess correlations among hospital-level rates of severe maternal morbidity, neonatal morbidity, and the 2 measures of hospital quality. We divided hospitals into quartiles based on each quality measure and examined hospital rankings on both risk-standardized morbidity measures using the nonparametric Kruskal-Wallis Test. Quality measures were coded as continuous for our primary multivariable analyses. Our final models explored the association of the 2 quality measures with severe maternal morbidity and then with neonatal morbidity using mixed-effects logistic regression in 3 steps, with (1) no adjustment, (2) adjustment for patient characteristics, and (3) adjustment for patient and hospital-level characteristics, including ownership, volume, level of nursery, and teaching status. Risk ratios were calculated using recycled predictions, which yields the marginal effect of a variable while holding all other patient characteristics constant 23 ; confidence intervals were estimated using the delta method. 24 Intraclass correlations were calculated to measure the between-hospital variance as a proportion of the total variance. Sensitivity analyses included coding quality measures in quartiles; examining the association of the quality measures with severe maternal morbidity without blood transfusion; and using 2 simpler measures of neonatal outcomes (prolonged length of stay [>5 days] and NICU admission).
Statistical analyses were performed using SAS version 9.3 (SAS Institute Inc) and Stata version 12 (StataCorp). P < .05 (2-sided) was considered statistically significant.
Results
Patient Sample Characteristics, Severe Maternal Morbidity, and Neonatal Morbidity at Term
Of the 43 hospitals with deliveries, we excluded 2 hospitals with annual delivery volumes fewer than 5 births and 1360 deliveries with missing hospital identifiers. The final sample included 115 742 deliveries, of which 2732 (2.4%) were associated with severe maternal morbidity. Of the 119 793 newborns identified, we excluded 4672 multiple births, 4447 with congenital anomalies, and 7258 with gestational age less than 37 weeks. The final sample included 103 416 newborns; of these, 8057 (7.8%) were associated with neonatal morbidity. The associations of sociodemographic and clinical characteristics with severe maternal morbidity and neonatal morbidity are described in Table 1 and Table 2 . Table 3 shows that the majority of hospitals were private, had level 3/4 nurseries, and were teaching hospitals. Hospital performance per 100 deliveries ranged from 15.5 to 41.9 for elective deliveries before 39 weeks; 11.7 to 39.3 for agestandardized rates of cesarean deliveries in low-risk nulliparous women; 0.9 to 5.7 for risk-standardized severe maternal morbidity rates; and 3.1 to 21.3 for risk-standardized neonatal morbidity rates among these hospitals. Both quality measures were correlated with each other (Spearman ρ = 0.45; P = .003). Severe maternal morbidity and neonatal morbidity at term were also correlated (Spearman ρ = 0.39; P = .01). Hospital rankings on both quality measures were not associated with hospital rankings for maternal or neonatal morbidity as demonstrated in the Figure. In fact, among the 10 hospitals with the best performance (lowest rates) on elective deliveries, only 3 were in the lowest quartile of risk-standardized severe maternal morbidity. Among the 10 hospitals with the best performance (lowest rates) on the low-risk cesarean delivery measure, only 3 were in the lowest quartile of risk-standardized severe maternal morbidity. The rankings were similarly discordant for neonatal morbidity.
Hospital Characteristics and Performance on Perinatal Quality and Morbidity Measures
Nonparametric correlations between obstetric quality indicators and both maternal and neonatal morbidity were not significant (Spearman ρ = −0.01, P = .94 for cesarean delivery and maternal morbidity; Spearman ρ = −0.10, P = .52 for cesarean delivery and neonatal morbidity; Spearman ρ = 0.14, P = .39 for elective delivery and maternal morbidity; Spearman ρ = −0.14, P = .39 for elective delivery and neonatal morbidity).
Mixed-Effects Logistic Regression Models
In mixed-effects models including both quality measures as independent variables, neither quality indicator was associated with severe maternal morbidity (model 1, Table 4 ); the risk ratio (RR) for elective delivery was 1.00 (95% CI, 0.97-1.03) and for low-risk cesarean deliveries was 0.98 (95% CI, 0.95-1.01). In models that also included patient-level variables (model 2) and patient-level and other hospital-level variables (model 3), the RRs for both quality measures remained essentially unchanged. Sensitivity analyses with the quality measures coded in quartiles and analyses excluding blood transfusions from the severe maternal morbidity outcome corroborated our findings. There was a substantial between-hospital variation in severe maternal morbidity: the intraclass correlation coefficient (ICC) was 28% in the unadjusted model; after adjusting for patient characteristics, ICC was reduced to 22%.
Our findings were similar in models examining the 2 obstetric quality measures and neonatal morbidity (Table 4) . Volume of deliveries and nursery level were associated with neonatal morbidity. The association between the 2 obstetric quality measures with neonatal length of stay longer than 5 days and NICU admission showed similar results. In a multilevel model without adjustment, the ICC was 20% for neonatal morbidity. The variance between hospitals remained (ICC = 16%) after accounting for patient characteristics.
Discussion
Severe maternal morbidity and neonatal morbidity at term remain important health issues. We found that in New York City hospitals 2.4% of all mothers and 7.8% of term nonanomalous newborns have major complications and that these rates vary substantially between hospitals. Severe maternal morbidity rates varied 4-to 5-fold between hospitals, and there was a 7-fold variation in neonatal morbidity at term between hospitals. Although there was substantial variation in morbidity rates, they were not correlated with the performance measures designed to assess hospital-level obstetric quality of care.
Measuring quality of care in obstetrics is complex: it involves assessing care for 2 separate individuals (mother and infant). Improving the quality of care requires reducing ventions; however, the measures we assessed do not reflect the quality of care in terms of severe maternal or neonatal morbidity. The Joint Commission set of perinatal quality measures includes 3 other indicators in addition to the 2 we studied. Those measures assess other dimensions of perinatal care-breastfeeding, health care-associated infections d Per 100 deliveries adjusted for maternal characteristics as described in Table 1 . e Per 100 deliveries of singleton, term, nonanomalous babies. f Per 100 deliveries of singleton, term, nonanomalous babies adjusted for maternal and neonatal characteristics as described in Table 2 . among very low-birth-weight infants, and antenatal steroid use among premature deliveries. The measures may be indicators of obstetric quality, but the outcomes primarily concern newborns and not their mothers and 2 of the measures only assess care provided in the neonatal period. Our findings suggest that other quality measures should be developed that focus on suboptimal care. Examples include whether hemorrhage and preeclampsia protocols are used in the delivery suite. [25] [26] [27] [28] [29] Given that we did not find a relationship between the quality indicators we examined and maternal or neonatal morbidity, these measures do not adequately capture obstetric hospital quality.
Our results are consistent with findings from the Maternal Fetal Medicine Network and studies in NICUs demonstrating that performance assessment based on isolated measures do not accurately characterize the overall quality of care in a hospital. 20, 30 Numerous other studies have found a lack of correlation between quality indicators and the clinical outcomes they are supposed to reflect. Hospital Compare measures only predict small differences in hospital risk-adjusted mortality rates for heart failure, pneumonia, and acute myocardial infarction. 31 Adherence with infection control practices was not associated with lower perioperative infection rates (http://www.ncbi.nlm.nih.gov /pubmed/20571014). There was no association between adherence to home management care quality measures and emergency department visits and readmissions for pediatric asthma. 32 Adherence to perioperative prophylaxis for venous thromboembolism was not associated with venous thromboembolism rates, and surveillance bias resulted in unfair penalization of hospitals that more rigorously looked for the disorder. 33 The growing list of quality measures often does not reflect the care these measures are supposed to measure and capture only a narrow slice of hospital quality. 34, 35 There is a need to reassess how these measures are designed and implemented and to think more broadly about constructing meaningful quality measures tightly linked with patient outcomes. In our analyses, the number of deliveries at a hospital and the availability of high-level nursery facilities were clear for outcomes of lower-risk infants. 37, 38 Few studies have investigated how hospital characteristics affect severe maternal morbidity. Our analysis has limitations. We used administrative (ICD-9-CM procedure and diagnosis codes) and birth certificate data rather than medical chart review for our analysis. Both birth certificate and SPARCS data may be limited by the reliability of certain types of information contained in these databases. Previous assessments demonstrated good reliability for maternal age, race, and gestational age. 39 Previous studies of birth certificate data used for hospital quality assessment studies showed that they perform as well as medical records information. 40 Algorithms for morbidity based on diagnosis and procedure codes are imperfect. However, discharge data in obstetrics are reliable for delivery and procedure codes and moderately reliable for comorbidities. 41, 42 It is possible that the codes used in our analyses inadequately captured the outcomes of interest. However, many of the diagnosis codes included in the severe maternal morbidity algorithm (eg, eclampsia, shock, acute renal failure) are designated as major complications and comorbidities codes in diagnosis related group coding and when present may affect diagnosis related group assignment for obstetric deliveries, making these diagnoses less likely to be underreported. In a sensitivity analyses we found that coding for prolonged neonatal length of stay and NICU admission (outcomes known to be less subject to coding problems) were not associated with the 2 quality measures. If administrative codes inadequately captured the clinical information we assessed, we would have expected null findings in the patient-level analysis. This was not the case. We were able to demonstrate significant associations between age, race/ethnicity, parity, education, prenatal care, pregnancy type, and multiple comorbidities with severe maternal morbidity.
Although we have no reason to believe that systematic coding biases (eg, the probability that a hospital undercodes maternal morbidity is a positive function of its cesarean or elective delivery rates) affected our results, the existence of random coding errors could bias our findings toward the null. Our estimate for severe maternal morbidity is higher than the recent national estimate of 1.6% that was derived using similar methods 4 but is consistent with data from New York City showing significantly higher than average maternal mortality rates, 43 and the rates of neonatal morbidity at term are consistent with previous findings. 3 Further, without medical chart review we were unable to address the recent Joint Commission recommendation to 
